Objective: To explore the association between CETP gene polymorphisms and metabolic syndrome (MS), as well as the relationship between the CETP gene polymorphisms and each component of MS. Methods: A total of 571 individuals which were randomly selected from 5692 Uyghur adults were subdivided into two groups, including 280 patients with MS and 291 control subjects, using the group-matching method after matching for gender. We detected CETP polymorphisms (rs5882, rs1800775, rs3764261, rs12149545, rs711752, and rs708272) by using the Snapshot method. Results: (1) Significant differences were found involving the frequency distribution of genotypes and alleles of rs1800775, rs3764261, rs12149545, rs711752, and rs708272 between the control and MS groups (all p < 0.05). (2) rs1800775, rs3764261, rs12149545, rs711752, and rs708272 polymorphisms were significantly related to the risk of MS (all p < 0.05). (3) The rs1800775 polymorphism was associated with high fasting blood glucose levels and low high density lipoprotein cholesterol (HDL-C); rs3764261 and rs12149545 polymorphisms were associated with all components of MS except high blood pressure; rs711752 and rs708272 polymorphisms were associated with low HDL-C (all p < 0.05). (4) Conclusions: The rs1800775, rs3764261, rs12149545, rs711752, and rs708272 polymorphisms of CETP were associated with MS and its components among the Uyghur ethnic group. Complete LD was found between two pairs of SNPs (rs3764261 and rs12149545, rs711752, and rs708272). The A-G-G-G-C and A-T-A-A-T haplotypes might be protective factors for MS.
Introduction
Metabolic syndrome (MS), which is perceived as a chronic and complex disease, has become a worldwide public health challenge for its concomitant complications over recent years [1] . Its clinical 291 healthy control individuals. All subjects in this study were randomly selected from our previous stratified randomized cluster samples using the group-matching method [25] .
Epidemiological Survey and Biochemical Detection
Using a self-developed questionnaire, detailed information on demographic and personal lifestyles for each participant was collected during a face-to-face interview by trained investigators. The questionnaire included personal profile, details of disease, family medical history, diet, current alcohol consumption, smoking status, and physical exercise. Height, weight, waist circumference, hip circumference, and blood pressure were measured by trained field workers according to standardized methods [26] . Biochemical tests of blood samples included tests for fasting TG, total cholesterol (TC), HDL-C, LDL-C, and fasting plasma glucose (FPG). All blood detections were analyzed using an automatic biochemical analyzer (AU400, Olympus: Tokyo, Japan). Each subject signed an approved informed consent form. All experiments were performed in accordance with relevant guidelines and regulations. This study was approved by the Institutional Ethics Review Board (IERB) of the First Affiliated Hospital of Shihezi University School of Medicine (IERB No. SHZ2010LL01).
MS Diagnostic Criteria
MS was diagnosed using a new harmonizing definition formulated by the Joint Interim Statement criteria (JIS criteria) [2] , which requires that the participants have three or more of the following five components: (1) central obesity (defined as waist circumference ≥85 cm in male subjects and ≥80 cm in female subjects, Chinese population waist circumference cutoffs); (2) elevated triglycerides: TG >150 mg/dL (1.7 mmol/L); (3) reduced HDL-C: HDL-C <40 mg/dL (1.0 mmol/L) in male subjects and <50 mg/dL (1.30 mmol/L) in female subjects; (4) elevated blood pressure: systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg; (5) elevated fasting glucose: fasting plasma glucose ≥100 mg/dL (5.6 mmol/L).
DNA Extraction and Genotyping Analysis
Fasting venous blood (200 µL) was taken from each study subject, and a blood genomic DNA isolation kit (Non-centrifugal columnar, Tiangen, Beijing, China) was used to isolate the genomic DNA. The extracted DNA was verified by gel electrophoresis (0.7% agarose). A NanoDrop spectrophotometer (Thermo Scientific, Waltham, MA, USA) was used for quantitative determination of DNA concentration and purity: concentration ≥30 ng/µL and purity levels (optical density [OD] : OD 260 /OD 280 ) of 1.7-2.0 were considered acceptable. Samples that met these criteria were diluted to 10-30 ng/µL using double-distilled water and then stored at −80 • C. The sequences of the forward and reverse primers designed using the Mysequenom tool (www.mysequenom.com/Home) and AssayDesigner3.0 software (Sequenom, Inc., San Diego, CA, USA) are shown in Table 1 . The process of polymerase chain reaction (PCR) amplification, purification, and single-base extension were consistent with previous research [22] . All representative SNP genotyping experiments were performed using TaqMan technology on an ABI3730xl system (Applied Biosystems, Foster City, CA, USA). ABI GeneMapper was used to complete the classification and present the results. rs5882  TCACCATGGGCATTTGATTGG  TATCAATGACTGGGAAGAGGG  211 bp  A/G  rs1800775  CCAGCTGTAGGTAAAGTACTG  CAGTCCTCTATGTAGACTTTCC  210 bp  A/C  rs3764261  AGCCACCATGCCTGGCCTATG  GCTTCCATGACCCCAAGCCTC  360 bp  G/T  rs12149545  AGCCACCATGCCTGGCCTATG  GCTTCCATGACCCCAAGCCTC  360 bp  G/A  rs711752  GCCTCCGTCACCTGAGCTCATG GATGGGCTGAGTGGAGCTGTCA  276 bp  G/A  rs708272 GCCTCCGTCACCTGAGCTCATG GATGGGCTGAGTGGAGCTGTCA 276 bp C/T
Statistical Analysis
We used EpiData3.02 software to establish a database and adopted a double entry method for data input and logic error detection. SPSS statistical software version 17.0 for Windows (SPSS, Inc. Chicago, IL, USA) was used for basic statistical analysis. Non-normally distributed continuous variables such as age, height, weight, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), TG, TC, HDL-C, and LDL-C were presented as median and interquartile ranges (25th, 75th percentile). We conducted the Wilcoxon rank sum test to compare the differences of the means from two groups of measurement data. Categorical data such as gender, smoking status, and alcohol consumption were evaluated using the chi-square test. To estimate the association between the SNPs in CETP and MS, we conducted a logistic regression analysis to evaluate the odds ratios (OR) and 95% confidence intervals (95% CI). MS (0 = no, 1 = yes), central obesity (0 = no, 1 = yes), high blood pressure (0 = no, 1 = yes), high fasting glucose (0 = no, 1 = yes), high TG (0 = no, 1 = yes), and low HDL-C (0 = no, 1 = yes) were used as dependent variables, respectively. Independent variables included age, gender (1 = male, 2 = female), smoking (0 = no, 1 = yes), alcohol consumption (0 = no, 1 = yes), rs5882 (AA = 1, AG = 2, GG = 3), rs1800775 (AA = 1, AC = 2, CC = 3), rs3764261 (GG = 1, GT = 2, TT = 3), rs12149545 (GG = 1, GA = 2, AA = 3), rs711752 (GG = 1, GA = 2, AA = 3), and rs708272 (CC = 1, CT = 2, TT = 3). SHEsis software was used to perform the Hardy-Weinberg equilibrium test, haplotype construction, and statistical analysis [27] . The criterion for significance was set at p < 0.05 for all tests. Table 2 presents the demographic and clinical characteristics of the study population. The distribution of gender and height were well-matched (p > 0.05). The average age, weight, BMI, waist circumference, hip circumference, blood pressure, FPG, TG, TC, and LDL-C levels were higher in the case group than the control group (all p < 0.001), while the HDL-C levels were lower in the case group. There was no significant difference on current smokers and current alcohol drinkers between the two groups (p > 0.05). 
Results

Assessment of Demographic and Clinical Characteristics of Study Subjects
Genotype and Allele Frequencies Distribution
The six SNPs genotypes and alleles frequency distributions for CETP between the control and case group are shown in Table 3 . No obvious difference was found regarding the frequency distribution of the genotypes of rs5882 between the two groups (p > 0.05). We were pleasantly surprised to find that there were significant differences for the other five SNPs between the two groups (all p < 0.05). Similar to the allele frequency distribution analysis result, no obvious difference was found for rs5882 between the two groups (p > 0.05). After further investigation, we found that the T allele of rs3764261 (24.6 699, 95% CI = 0.554-0.883) had a lower frequency in the case group than in the controls. However, we observed that rs1800775-C more frequently appeared in the case group than in the control group (45.7 vs. 38.3, p = 0.011, OR = 1.356; 95% CI = 1.071-1.716). We also calculated the Hardy-Weinberg equilibrium p-value for each SNP to evaluate the sample's representativeness. Six CETP SNPs were in the Hardy-Weinberg equilibrium (all p > 0.05).
Association of Six SNPs and MS Subjects
We conducted multivariate logistic regression analysis to detect any associations between six CETP SNPs and MS. The results are shown in Table 4 . The logistic regression analysis confirmed the results of the χ 2 test of independence on the genotype frequencies of the CETP polymorphisms between cases and controls, following adjustment for age, gender, smoking, and alcohol consumption.
Risk Factor Analysis between Six CETP SNPs and Five Components of MS
We detailed a risk factor analysis between the six CETP SNPs and five components in MS after finding the association of six SNPs and MS subjects (Table 5 ). SNP rs5882 had no effect on the five components of MS (all p > 0.05). Notes: All the regression analysis was carried out after adjustment for age, gender, smoking, and alcohol drinking. Analysis of high blood pressure and high fasting glucose was then carried out after adjustment for central obesity. The analysis involving high TG was carried out after adjustment for central obesity and low HDL-C. Analysis concerning low HDL-C was carried out after adjustment for central obesity and high TG. The cut-off values (low-high) for the five parameters were as follows: central obesity: waist circumference ≥85 cm in male subjects and ≥80 cm in female subjects; (2) high TG: TG > 150 mg/dL (1.7 mmol/L); (3) low HDL-C: HDL-C < 40 mg/dL (1.0 mmol/L) in male subjects and <50 mg/dL (1.30 mmol/L) in female subjects; (4) elevated blood pressure: SBP ≥130 mm Hg and/or DBP ≥85 mm Hg; (5) high fasting glucose: fasting plasma glucose ≥ 100 mg/dL (5.6 mmol/L). The rs5882-AA, rs1800775-AA, rs3764261-GG, rs12149545-GG, rs711752-GG, and rs708272-CC were used as reference genotypes for the risk analysis of each component.
Linkage Disequilibrium (LD) and Hardy-Weinberg Equilibrium Testing
In our study, we calculated pairwise linkage disequilibrium (LD) between six SNPs, and the result is shown in Table 6 . The value of D' ranged from 0.060 to 1.000, and the value of r 2 spanned 0.003 to 0.996. Complete LD was observed for two pairs of SNPs: rs3764261 and rs12149545 (D' = 1.000, r 2 = 0.931) and rs711752 and rs708272 (D' = 1.000, r 2 = 0.996). 
Haplotype Analysis
Since rs5882 was obviously not in LD with the other SNPs, it was excluded during the process of haplotype construction. The remaining five SNPs above formed 11 kinds of haplotypes among the 32 types of possible haplotypes identified through SHEsis software. The results of four haplotypes analyses, in which frequencies were greater than 0.001, are presented in Table 7 . The global haplotype frequencies in the case group were significantly different from the control group (p < 0.001). 
Discussion
In China, the prevalence of MS is generally high. The rate in the Uyghur ethnic group was lower than that of Han and Kazak populations in the same area [10, 28] . This may be related to Uyghur characteristics and genetic susceptibility. Therefore, we chose the Uyghur to study any relationships between CETP gene polymorphisms and MS. Since CETP is a key factor in the process of reverse cholesterol transport (RCT) and plays an important role in lipoprotein metabolism, it has attracted the attention of many scholars [29] . Some studies proved that CETP mutations may affect the abundance of serum CETP, which, in turn, affects lipid metabolism [17] .
The results in this study showed that the levels of average age, BMI, waist circumference, blood pressure, FPG, and TG were higher in the case group than in the controls, while the level of HDL-C was lower in cases than in the control group. Some studies showed that the risk of MS increases with age [30] , so the variable of age should be adjusted for in risk factor analysis. Central obesity, elevated TG, reduced HDL-C, elevated blood pressure, and elevated fasting glucose are clinical symptoms of MS. Consistent with other studies [31] , the levels of TC and LDL-C in the case group were higher than in the controls. Other studies [32] have shown that normal or slightly elevated LDL-C levels are characteristics of dyslipidemia among MS patients. However, differing results have appeared in other research [33] . This might be caused by ethnic differences. The distribution of gender between the two groups was well matched, and SNPs were all in accordance with Hardy-Weinberg equilibrium. The results above indicated that the genotypic frequencies were representative of their respective populations.
No obvious difference was found between the control and MS group including the frequency distribution of the genotypes and alleles of rs5882. Combined with the results of regression analysis, this SNP may not be involved in MS among the Uyghur population for the ethnic difference. Furthermore, meta-analyses [17] showed that rs5882 was related to the CETP abundance, activity, or lipid levels. Hence, further study is needed. For the other five SNPs, significant differences were found regarding the frequency distribution of genotypes and alleles between the control and MS groups. Our research showed that rs1800775-C frequency (41.9%) was lower than that in the Latvian (44.3%) [21] and European (51%) [34] . Compared with rs1800775-A carriers, individuals who carried rs1800775-C were more likely to develop MS. This SNP may increase the risk of MS. This is consistent with Radovica et al. [21] , who also hold the view that rs1800775 can increase the risk of low HDL-C levels. For rs3764261, we discovered statistically significant association between T allele and MS. Furthermore, the rs3764261-T frequency (30.6%) was higher in Uyghur individuals than that in the Han population (16%) [35] . For the rs12149545 and rs711752 polymorphisms, the risk of MS was reduced among the A allele carriers. The rs12149545-A frequency was 29.1%, and the rs711752-A frequency (46.8%) was similar to that in Latvians (46.2%) [21] . For rs708272, the rs708272-T frequency (46.8%) was higher than that in Austria (41.3) [36] , Turkey (43%) [37] , or Southern Thailand (37.43%) [38] . Moreover, rs708272-T plays an inactive role in the development of MS. This is consistent with Anton et al. [36] who hold that the risk of MS was reduced by 32% (p = 0.005, OR = 0.68) in carriers of the B 2 variant. However, this was different from observations by Jeenduang [38] and Maroufi [39] .
Based on these findings, to verify the authenticity, we conducted a logistic regression analysis adjusting for covariates such as age, gender, smoking, and alcohol consumption. We found that the association remained. The results showed that rs3764261-GT/TT, rs12149545-AG/AA, rs711752-AA, and rs708272-TT might reduce the risk of MS on different levels. This suggested that the four SNPs may be associated with MS in the Uyghur population. The rs708272 polymorphism was one of the loci with high variant frequency, and it is the most widely studied CETP gene polymorphism. Compared with the CC genotype, the risk of MS among the rs708272-TT carriers was reduced. Similarly, a previous study showed that MS patients have a higher prevalence of the B 1 B 1 (CC) genotype in Egypt [40] . This also explained why the prevalence of MS among the Uyghur is lower than that among other ethnic groups in the same area [10] . However, compared with AA genotype carriers, rs1800775-CC increased the risk of MS. Hence, we suspected that rs1800775-CC might be a risk factor for MS. The association of rs1800775 with MS has not been previously reported, while the relationship between rs1800775 and low HDL-C had been well established in a systematic in-depth review [41] . It has the potential to increase the risk of low HDL-C and may serve as a basis for MS. These studies above indicated that the correlation between CETP gene polymorphisms and MS has racial and ethnic differences.
After analyzing the association between six SNPs and MS, we further investigated the relationship between the six SNPs and five components of MS, respectively. Compared with the relevance between six SNPs and MS, we found that the relevance was slightly different among the five components. For central obesity, we found that rs3764261-GT and rs12149545-AG might reduce the risk of this disease. However, in another adult Chinese population, Ruan et al. [42] discovered that less common alleles of Taq1b (rs708272) and I405V (rs5882) polymorphisms of CETP are moderately associated with risk of obesity. For high blood pressure, no significant correlation was found among the six SNPs. For high fasting glucose, rs1800775-AC/CC might reduce the risk of this disease, but rs3764261-GT and rs12149545-AG might increase the risk. However, another study showed that the rs3764261 polymorphism of CETP is not associated with type 2 diabetes in patients with clinically manifest vascular disease [43] . For high TG, rs3764261-GT/TT and rs12149545-AG might reduce the risk of elevated TG. However, a statistically significant association was not discovered between rs3764261 and high TG in another Chinese population [44] . For low HDL-C, we found that all of the SNPs we studied, except rs5882, had an effect on the risk of low HDL-C. The rs1800775-AC/CC increased the risk of low HDL-C, while the other four SNPs reduced the risk of low HDL-C. In accordance with our observation, the effect of the six SNPs on the risk of low HDL-C was previously verified in other populations [21, 22, 37, 42, 43, 45, 46] . Combined with functional CETP gene variants effects and serum HDL-C concentration [34, 47] , we suspected that low HDL-C might be the most relevant component to CETP gene polymorphisms among the five components of MS.
Complete LD was found for two pairs of SNPs, and strong LD was identified between other SNPs. Similarly, strong LD was found between rs708272 and rs1800775 in Europeans [48] and in other parts of China [49] . Some reports suggest that the rs708272 polymorphism acts through LD to a second SNP in the promoter of the CETP gene at position rs1800775 from the transcription start site [50] . Therefore, the discovery of complete LD may provide direction for further studies.
The association of four haplotypes of the CETP gene and MS disease was analyzed using SHEsis software. We observed that the A-G-G-G-C and A-T-A-A-T haplotypes were more frequent in the controls than in the case group. Thus, we suspected that the two haplotypes, especially the A-T-A-A-T haplotype, were protective factors that can reduce the risk of MS and protect people from the harm of MS. Similarly, the common A-A-T haplotype defined by the G-2708A, rs1800775, and rs708272 polymorphisms was consistently associated with reduced CETP activity and increased HDL-C levels in another study [51] . However, haplotype formation was influenced by many aspects and we just demonstrated CETP gene SNP haplotypes in a small random sample of the Uyghur population. Therefore, this complex relationship needs to be further explored and verified.
Study Limitations
Despite our comprehensive analysis, there are still potential limitations in our study. First, more than 180 SNPs exist in the CETP gene. In our study, we only selected six major functional SNPs to study the relationship between CETP and MS. Therefore, the analysis and results of our study may be unilateral. In addition, we investigated the association of six SNPs with MS and its components, but did not study the interaction between genes and genes, or between genes and environmental factors in MS. Therefore, we need further research into the effects of these interactions.
Conclusions
The rs1800775, rs3764261, rs12149545, rs711752, and rs708272 polymorphisms of CETP were associated with MS and its components among the Uyghur ethnic group. Complete LD was found for two pairs of SNPs (rs3764261 and rs12149545, and rs711752 and rs708272). The A-G-G-G-C and A-T-A-A-T haplotypes might be protective factors for MS.
